Electrochemistry of pterin cofactors and inhibitors of nitric oxide synthase.
Tetrahydrobiopterin (BH4) is an essential cofactor of nitric oxide synthase (NOS), but its function is not fully understood. Specifically, it is unclear whether BH4 participates directly in electron transfer. We investigated the redox properties of BH4 and several other pteridines with cyclic voltammetry and Osteryoung square wave voltammetry. BH4 was oxidized at a potential of +0.27 V vs normal hydrogen electrode (NHE); the corresponding reductive signal after the reversal of the scan direction was very small. Instead, reduction occurred at a potential of -0.16 V vs NHE; there was no corresponding oxidative signal. These two transitions were interdependent, indicating that the reductive wave at -0.16 V represented the regeneration of BH4 from its product of oxidation at +0.27 V. Similar voltammograms were obtained with tetrahydroneopterin and 6,7-dimethyltetrahydropterin, both of which can substitute for BH4 in NOS catalysis. Completely different voltammograms were obtained with 7,8-dihydrobiopterin, sepiapterin, 2'-deoxysepiapterin, and autoxidized BH4. These 7,8-dihydropterins, which do not sustain NOS catalysis, were oxidized at much higher potentials (+0.82-1.04 V vs NHE), and appreciable reduction did not occur between +1.2 and -0.8 V, in line with the concept of a redox role for BH4 in NOS catalysis. However, the electrochemical properties of the potent pterin-site NOS inhibitor 4-amino-BH4 resembled those of BH4, whereas the active pterin cofactor 5-methyl-BH4 was not re-reduced after oxidation. We conclude that the 2-electron redox cycling of the pterin cofactor between BH4 and quinonoid dihydrobiopterin is not essential for NO synthesis. The data are consistent with 1-electron redox cycling between BH4 and the trihydrobiopterin radical BH3(*).